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Clinical Medicine

Human T-Lymphotropic Virus Type I (HTLV-l) and
Tropical Spastic Paraparesis or

HTLV-1-Associated Myelopathy in Hawaii
PETER S. DIXON, MD, Providence, Rhode Island; ANNE J. BODNER, PhD, Rockville, Maryland;

MICHAEL OKIHIRO, MD; ANDREA MILBOURNE; ARWIND DIWAN, PhD; and JEFFREY M. NAKAMURA, MD, Honolulu

Tropical spastic paraparesis or human T-lymphotropic virus type I (HTLV-I)-associated myelopathy
is a degenerative encephalomyelopathy with pyramidal tract dysfunction affecting the lower
extremities. It is associated with HTLV-I infection and found primarily in the Caribbean region and in
southwestern Japan. Five cases of tropical spastic paraparesis (or HTLV-I-associated myelopathy)
in Hawaii are reported. All five patients were born in Hawaii; four are women. Each of the patients
has parents who were from HTLV-I-endemic areas of Japan. Two of these patients had serum
antibodies to HTLV-I. Five of six of the spouses and children of the seropositive patients were also
seropositive. Viral cultures of lymphocytes from both seropositive patients and two of the three
seropositive children were positive for HTLV-I. None of the five patients had a history of antecedent
blood transfusion, multiple sexual partners, or intravenous drug use. There is no evidence of adult
T-cell leukemia or lymphoma in any of the patients or their families. Given the increasing
seroprevalence of HTLV-I in the United States, clinicians need to be alert to new cases of this
disorder
(Dixon PS, Bodner AJ, Okihiro M, et al: Human T-lymphotropic virus type I [HTLV-I] and tropical spastic paraparesis or
HTLV-I-associated myelopathy in Hawaii. West J Med 1990 Mar; 152:261-267)

T ropical spastic paraparesis (TSP) or human T-lympho-
tropic virus type I (HTLV-I)-associated myelopathy

(HAM) is a slowly progressive encephalomyelopathy that
generally presents in the middle adult years. The initial
symptoms are increasing difficulty in walking, low back
pain, and cramping sensations of the legs. Urinary sphincter
dysfunction is also common. Impotence or diminished libido
is almost universal. Most cases reach a clinical plateau within
two years of the start of symptoms and remain at that level of
function, without remission, for years.

Groups of patients with this disorder have long been rec-
ognized in southern India, Jamaica, South Africa, and Co-
lombia. 1-4 The geographic clustering and sporadic appear-
ance of this neurologic syndrome led to the finding of both
epidemic and endemic forms of the disease. Epidemic forms
followed increased ingestion of vegetable toxins in the con-
text of malnutrition and regional drought.5 6 Clues to the
origin of the endemic form remained unclear, however, until
antibodies to HTLV-I were found in the blood of ten patients
with TSP/HAM in Martinique.7 Seropositivity to HTLV-I
was subsequently confirmed in a number of Jamaican and
Colombian patients with the syndrome, and, in addition,
antibodies to HTLV-I were found in their cerebrospinal
fluid.8

Soon afterward, patients living in nontropical areas of
southwestern Japan, which are endemic for HTLV-I and
adult T-cell leukemia or lymphoma (ATLL), were indepen-
dently reported to have the same chronic, slowly progressive
spastic myelopathy. Serum from these patients was also posi-
tive for HTLV-I antibodies.9 This syndrome in Japan was
termed "HTLV-I-associated myelopathy." Subsequently,
cases of tropical spastic paraparesis or myelopathy associ-
ated with HTLV-I have been reported from Trinidad and
Tobago,"0 Ivory Coast," Colombia,'2"3 the Seychelles is-
lands,'4 West Indian-born residents in the United King-
dom,"5 France,'6 Italy,"' Peru,'8 and from the United
States. "

Pathologic evidence clearly linked the Caribbean form
with the Japanese form of spastic paraparesis. The primary
changes are astrocytic gliosis, capillary proliferation, peri-
vascular lymphocyte cuffing, and loss of both myelin and
axons in the pyramidal, spinocerebellar, and dorsal columns
of the spinal cord. Similar but less striking changes are found
in the medulla, pons, and in the white matter of the cere-
bellum and cerebrum ofthese patients.20

Because of confusion over the nomenclature, a consensus
panel at the 1989 World Health Organization HTLV-I
meeting in Kagoshima, Japan, determined that the diseases,
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tropical spastic paraparesis and HTLV-I-associated myelop-
athy, are identical and formally proposed that the syndrome
be called "TSP/HAM."21

Persuasive evidence for a closer association of disease
and virus came with the isolation of HTLV-I from cerebro-
spinal fluid lymphocytes ofa patient in Japan with TSP/HAM
who had both serum and cerebrospinal fluid HTLV-I anti-
bodies.22 Subsequent work using electron microscopy has
shown HTLV-I-like viral particles in pathologic spinal cord
tissue from a Jamaican patient with TSP/HAM.23 Intact
HTLV-I virus has been produced using peripheral lympho-
cytes from healthy controls cocultured with irradiated T-
lymphocyte cell lines derived from patients with
TSP/HAM.24 Southern blot hybridization of cultured T
lymphocytes from cerebrospinal fluid of patients with
TSP/HAM has revealed HTLV-I in a proviral form in these
cells. Electron microscopy has shown type C retroviral parti-
cles in the same cultured cells.25 Intrathecal synthesis of
HTLV-I antibodies and oligoclonal bands in cerebrospinal
fluid specimens of TSP/HAM patients from the Caribbean
region and West Africa has also strengthened the evidence
for the causal relationship between HTLV-I and
TSP/HAM.26

At the molecular level, specific DNA sequences of
HTLV-I isolated from patients with HTLV-I-associated my-
elopathy were found to be homologous on DNA blotting to
sequences from patients with adult T-cell leukemia or lym-
phoma.27 Atypical lymphocytes with lobulated nuclei similar
to the atypical lymphocytes in the blood of patients with
ATLL are found in the peripheral blood and cerebrospinal
fluid of patients with TSP/HAM.28 To date, only one patient
has been reported who had both HTLV-I-associated dis-
eases: he was a Trinidadian man who had TSP/HAM for 16
years before adult T-cell lymphoma developed. 10

Evidence for HTLV-I transmission points to three pri-
mary routes: sexual transmission, most frequently from
male to female through the leukocyte component of se-

men'129,30; mother-to-infant transmission through breast
milk29'31'32; and direct transmission by blood transfusion33-37
as well as by sharing needles in intravenous drug use.38 Al-
though lymphocytes containing HTLV-I have been found in
the umbilical cord blood of a baby born of an HTLV-I-posi-
tive mother, in utero transmission is unusual.39 Data from
Okinawan residents, Okinawan immigrants to Hawaii, and
their Hawaiian-born offspring implicate the importance of
intimate household contact (sexual as well as breast-feeding
routes) in the transmission of this virus.40 The transmission
of HTLV-I differs from that of the human immunodeficiency
virus (HIV) in that for HTLV-I to be transmitted, it must be
in an intracellular form. Recipients of lyophilized factor con-
centrates did not seroconvert to HTLV-I as they did to HIV.41

The possibility that mosquitoes or other hematophagous
insects may be HTLV-I vectors is unlikely but is still unre-
solved.42'43 The role of cofactor parasites is also uncer-

tain.4244 Environmental. antigenic stimulation, parasitic or
otherwise, has been proposed as a mechanism of activation
of latently infected helper T lymphocytes or proviral states
(including "smoldering ATLL") which then may develop
into clinical TSP/HAM or ATLL.40,42

It is not clear why most antibody-positive persons remain
asymptomatic while in a few TSP/HAM (or ATLL) de-
velops. Recent evidence from human leukocyte antigen
screening of HTLV-I-endemic areas in Japan indicates that
there is a relationship between specific HLA haplotypes and
persons in whom either TSP/HAM or ATLL develops,
suggesting genetically determined HTLV-I disease suscepti-
bility.45

Antibodies to HTLV-I are present at a rate of0.2% in the
healthy, volunteer blood donor population in Hawaii (J. Froh-
lich, MD, Blood Bank of Hawaii, oral communication, Feb-
ruary 1989). Adult T-cell leukemia or lymphoma associated
with HTLV-I serum antibodies has been reported in Ha-
waii,41 4' but heretofore not TSP/HAM.

Given the presence ofATLL and the background level of
HTLV-I seropositivity, we postulated that TSP/HAM was
present in Hawaii and that it would be associated with
HTLV-I infection.

Patients and Methods
Patients

From a survey of four neurology practices in Honolulu, a
group of patients with unexplained spastic myelopathy was
selected. Five of these patients were found to have tropical
spastic paraparesis or HTLV-I-associated myelopathy on the
basis of an interview, neurologic examination, and a review
of their medical records. Criteria for TSP/HAM in this study
are a slowly progressive clinical course reaching a steady
state of neurologic impairment over one to two years and
having no remissions, primary pyramidal tract signs in-
cluding bilateral lower extremity weakness and spasticity, no
evidence of other neurologic disease (including dementia),
and no myelographic evidence of spinal cord compres-
sion.48-50 There was no history of blood transfusions, intra-
venous drug use, or homosexual or nonmonogamous hetero-
sexual activity in any ofthe patients found to haveTSP/HAM
or in their family members.

Volunteer blood donors at the Blood Bank ofHawaii were
used as a control population to determine the background
rate of HTLV-I seroprevalence in this area. Because all five
patients with TSP/HAM are ofJapanese descent and because
specific areas of Japan have high rates of HTLV-I seroposi-
tivity, only serum from Hawaiian blood donors of Japanese
ancestry was used to more closely match the patients re-
ported in this study. The rate of overall HTLV-I seroposi-
tivity in blood donors in Hawaii is 0.2 %. The rate ofHTLV-I
seropositivity in blood donors of Japanese descent in Hawaii
is 0.8% (J. Frohlich, MD, Blood Bank of Hawaii, oral com-
munication, February 1989).

Laboratory Tests
A complete blood count was done on each patient with

TSP/HAM. Serum specimens from each of the patients and
17 oftheir immediate family members or close relatives were
tested in duplicate using the Biotech/Dupont HTLV-I en-
zyme-linked immunosorbent assay (ELISA) kit (Wil-
mington, Delaware). This kit uses detergent-disrupted

ABBREVIATIONS USED IN TEXT
ATLL = adult T-cell leukemia or lymphoma
ELISA = enzyme-linked immunosorbent assay
HAM = HTLV-I-associated myelopathy
HIV = human immunodeficiency virus
HTLV-I = human T-lymphotropic virus type I
TSP = tropical spastic paraparesis
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HTLV-I virions produced in a HuT-102-2B T-lymphocyte
cell line. Positivity was determined by establishing a cutoff
absorbance value (at 410 nm). The cutoff was set at 60% of
the mean absorbance of three positive control serum speci-
mens. Any specimen whose average absorbance was greater
than the cutoffwas deemed positive.5I

All ELISA-positive results and ELISA-negative results
on serum specimens of TSP/HAM patients were confirmed
by Western blot. The Biotech Western blot test kit (Rock-
ville, Maryland) for HTLV-I was used. This kit uses nitrocel-
lulose strips onto which HTLV-I-specific polypeptides have
been electrophoretically blotted. Specifically bound human
immunoglobulins to HTLV-I antigens such as p19, p24, p28,
p36, and gp46 are visualized by a goat antihuman immuno-
globulin biotin conjugate and an avidin horseradish peroxi-
dase conjugate with 4-chloro-1-naphthol substrate. The pres-
ence of HTLV-I antibodies in a patient's serum is indicated
by in situ bands representing specific HTLV-I antigens.
Serum that was reactive with both pl9 and p24 was consid-
ered to contain HTLV-I antibodies.

All patients with ELISA-positive serum and their sero-
positive family members were tested for culturable HTLV-I
virus. Heparinized peripheral blood leukocytes from these
persons were banded in a solution of Ficoll and diatrizoate
(Hypaque) and stimulated with phytohemagglutinin P at 5 itg
per ml for two to four days. The mitogen was then removed
and the cells cocultivated for as long as ten weeks with an
equal number of phytohemagglutinin-stimulated mononu-
clear cells from human umbilical cords. Culturing was done
in RPMI 1640 with a 20% solution of heat-inactivated fetal
bovine serum and 10% interleukin-2 (Cellular Products,
Buffalo, New York). Periodically, fresh cord blood cells were
added when necessary to maintain a culture. Several times
during the cocultivation process, cells were placed on slides,
fixed with a 1:1 solution of methanol and acetone, and tested
for the expression of HTLV-I p19 and p24 by reaction with
monoclonal antibodies specific for those antigens. The reac-
tion of the antibodies with the cells was detected by the
alkaline phosphatase, antialkaline phosphatase immunocyto-
chemical procedure.

Results
Five Hawaiian patients were found to meet the clinical

criteria for tropical spastic paraparesis or HTLV-I-associated
myelopathy. Each of these patients was born in Hawaii and
has lived there for his or her entire life. The parents of these
patients were all born in Japan. Each parent emigrated to
Hawaii before age 20 and before marriage. Four patients are
married women and one is a single man. There is no history
of an antecedent blood transfusion, intravenous drug use, or
multiple sexual partners in any of the patients. All of the
patients were breast-fed as infants. They range in age from
46 to 71 years (mean, 58.4 years). The age at which symp-
toms first started ranges from 36 to 52 years (mean, 41.6
years). Symptoms have lasted from 7 to 32 years (mean, 16.8
years) in the five patients.

The first symptom of clinical disease in each of these
patients was leg weakness, most noticeable as difficulty
going down stairs and early fatigue on walking distances.
Other early symptoms in this patient group were lower ex-
tremity dysesthesias and muscle spasms. As the disease pro-

gait and, later, falling due to leg weakness. Several reported
difficulty in getting out of bed in the morning because of
"muscle stiffness." All five patients had urinary incontinence
of a variable degree. There has been no remission of signs or

symptoms in any ofthese patients. None ofthese patients has
any intellectual impairment. The present degree of physical
disability ranges from needing a cane for ambulation (two
patients), to requiring a walker (two patients), to being com-
pletely wheelchair bound (one patient). Three have had hip
fractures following falling.

None of the patients has any evidence of upper extremity
involvement by examination. Two patients do, however, have
upper extremity dysesthesias. All patients have hyperreflexic
knee and ankle jerks with extensor plantar reflexes bilater-
ally. Three have clonus at the ankle. Quadriceps and ham-
string muscle tone shows considerable spasticity but is fairly
symmetric in all patients. All patients have a variable degree
of weakness in the lower extremities, with the anterior tibi-
alis muscle group being most affected. Sensation to tempera-
ture and pinprick is normal in all patients. Three patients
have decreased vibratory sensation at the level ofthe metatar-
sals. Examination of the gait shows a mild to moderate foot
drop, difficulty lifting the knees, and pronounced scissoring
(one patient was unable to ambulate). Gait rhythmicity was

irregular. Stopping and turning required more effort and
concentration than normal. Cerebellar function was intact in
the upper extremities in all patients: it was difficult to assess

in the lower extremities because of spasticity and weakness.
Other neurologic findings are summarized in Table 1. Myelo-
grams of each of the five patients were normal. Hemoglobin
concentrations, hematocrits, and leukocyte and differential
cell counts were normal in all patients. A VDRL test for
syphilis was negative in all patients.

There was no significant difference clinically between the
seropositive and the seronegative patients. The seropositive
patients were neither the most nor the least seriously affected
ofthe five patients with tropical spastic paraparesis.

The only medications taken frequently by several ofthese
patients were muscle relaxants, which were used on a symp-
tomatic basis. Antihypertensive and thyroid supplement
medication were each taken by one patient in this group.
None of the patients had ever been treated with steroid,
immunosuppressive, or immunomodulatory medications.

Two of the five patients with TSP/HAM are HTLV-I anti-
body-positive. The serologic results from the five patients
and their relatives are presented in Figure 1. The results of
Western blot confirmation ofthe ELISA-positive persons are

shown in Figure 2. In each case, the Western blot test con-

firmed the result of the ELISA tests done on these seroposi-
tive patients. Western blot tests on the seronegative patients
were negative for all bands.

Antibody titers are shown in Table 2. There is excellent
serologic correlation among the three HTLV-I-negative pa-
tients (patients 1, 2, and 3) and their family members: all
spouses, siblings, and offspring tested are seronegative. All
three of the seronegative patients had parents who were born
in HTLV-I-endemic areas ofJapan.

The correlation among the two seropositive patients (pa-
tients 4 and 5) and their families is nearly as strong. Each of
the spouses is seropositive. Three ofthe four offspring tested
are also seropositive. (A single offspring was unavailable for

gressed, patients reported increasing awkwardness of their
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testing.) The 82-year-old mother of patient 4-born in an



endemic area ofJapan and immigrated to Hawaii at 16 years
ofage-is seronegative. Four often living siblings ofpatients
were tested, and one of these is seropositive. Although not
examined, the seropositive sibling (female) reported pro-
gressive leg weakness and gait instability. The spouse ofthat
seropositive sibling is seronegative.

Figure 3 shows the results ofHTLV-I viral cultures using
peripheral lymphocytes from the seropositive patients with
TSP/HAM and their seropositive family members.
Patient 4 and her two seropositive offspring are culture-
positive. Her spouse, who is also seropositive, is culture-
negative. Patient 5 is culture-positive for HTLV-I. Both her
seropositive spouse and her seropositive offspring are cul-
ture-negative. As a negative control, lymphocytes from pa-
tient 3 (seronegative) were cultured using the same methods;
he was culture-negative for HTLV-I.

Activated, ATLL-like, atypical lymphocytes with poly-
lobulated, cerebriform nuclei were seen on the peripheral

PATIENT 1
Okinawa

PATIENT 4

smears of both seropositive patients (Figure 4). The spouse
of patient 5 also had ATLL-like lymphocytes on his periph-
eral smear. In patient 5, polylobulated nuclei are present in
approximately 10% of her peripheral lymphocytes. In the
other two persons, similar nuclei were seen in fewer than 5%
ofthe lymphocytes on their peripheral smears.

Discussion
These data indicate that tropical spastic paraparesis, or

HTLV-I-associated myelopathy, a neurologic syndrome
found in many areas of the world, is present in Hawaii.
Unique to this location are the elements of tropical spastic
paraparesis found in the Caribbean region and of HTLV-I-
associated myelopathy in southwestern Japan. Hawaiian
TSP/HAM exists in a tropical environment (unlike in Japan),
but in Hawaii it is found in the immediate descendants of
Japanese migrants from HTLV-I-endemic areas (in the pat-
tern of Japanese familial transmission). There is no differ-

PATIENT 2
KamamotoOkinawa Hawaii

...........b1
..................................................

PATIENT 5

Wakayama Yamaguchi Okinawa Okinawa

PATIENT 3
Wakagama

L~

Figure 1.-The pedigree chart shows the city or state of birth and the distribution of the human T-lymphotropic virus type I (HTLV-I) in the families of
the patients with tropical spastic paraparesis (TSP). ELISA = enzyme-linked immunosorbent assay

TABLE 1.-Clinical Summaty of Patients With Tropical Spastic Paraparesis

HTLJV-I Symptoms Neurologic Signs
Age,Sex Serologic Age at Vibratoy Knee Ankle

Patient yrs Results Onset, yrs Early Later Bladder at Toes Reflexes Reflexes Gait

1 ... 68 9 Neg 36 Leg stiffness; Dysesthesias; Incontinence Decreased Hyperreactive Clonus Stiff, awkward; foot
spasms falling drop; scissoring;

requires walker
2 ... 46 9 Neg 39 Leg weakness Low-back Frequency Normal Increased Clonus Stiff; foot drop;

aches scissorng, requires
cane

3 ... 48 oa Neg 38 Leg weakness; Leg cramps, Incontinence Decreased Hyperreactive None Unable to stand;
unsteady gait spasms; contractures;

dysesthesias, wheelchair bound
falling

4 ... 59 9 Pos 52 Leg weakness; Low-back Incontinence Normal Increased Hyperreactive Awkward; foot drop;
unsteady gait pains; leg mild scissonng;

cramps requires cane
5 ... 71 9 Pos 43 Leg weakness, Wavering gait; Incontinence Decreased Hyperreactive Clonus Stiff, halting; foot drop;

aches leg cramps scissoring; requires
walker

HTLV-I=human T-lymphotropic virus type 1, Neg=negative, Pos=positive

Q Female

D] Male

Q TSP Patient

W | HTLV-1 ELISA and
Western Blot-Positive

[TT:3T] HTL-1 ELISA and
:: Western Blot-Negative
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ence in the signs, symptoms, or prognosis between these two
syndromes; they are the same disease.2' Postmortem patho-
logic evidence bears out these similarities.20 Neither name is
optimal because patients with this disease are found in
nontropical areas (southwestern Japan) and not all patients
with the clinical disease are seropositive (which is a re-
quirement ofHAM in Japan); thus, "TSP/HAM" is a good
compromise.

The familial virus clustering pattern reported in highly
endemic areas is present in the seropositive families de-
scribed here. Viral clustering ofHTLV-I, as found in Hawaii,
includes parents and their children. Parental siblings living
in other households, however, do not share the same high rate
of seropositivity as do household members.

These data do not pinpoint specific modes oftransmission
in Hawaii, but they indicate the importance of close familial
contact in viral transmission. Both vertical and horizontal
routes of transmission, common to other HTLV-I-endemic
areas, probably occurred in the families described in this
report. In the case of patient 5, transmission may have been
either vertical, through breast milk from her mother (from an
endemic area), or horizontal, through male-to-female sexual
transmission from her seropositive spouse who has a very
high antibody titer and whose parents are also from an
HTLV-I-endemic area. If the latter is the case, this may
explain why the eldest offspring of this family is seronega-
tive: at the time of the birth of this first child, patient 5 may

TABLE 2.-Human T-Cell Lymphotropic Virus Type I Antibody
Titers in Seropositive Families

Patient and Results of ELISA and Antibody Virus
Family Member Westem Blot Tests Titer Culture

Patient 4 . .. Pos 1:2,560 Pos
Spouse... Pos 1:320 Neg
Offspring. .. Pos 1:640 Pos
Offsprng. .. Pos 1:640 Pos
Patient 5. .. Pos 1:2,560 Pos
Spouse... Pos 1:20,480 Neg
Offspnng. .. Pos 1:80 Neg
ELISA=enzyme-finked immunosorbent assay, Neg=negative, Pos=positive

not have been infected with HTLV-I or, if infected, she may
not have had a high enough viral titer at that time to effec-
tively transmit HTLV-I to her first infant.

In the case of patient 4, whose parents are from an en-
demic area but whose spouse's parents are from an area of
low seroprevalence in Japan, the transmission of virus to
both children was most likely through breast milk. The
spouse of patient 4, who had a low antibody titer, may have
been exposed to the virus through female-to-male sexual
transmission from his seropositive wife. This is an un-
common route of HTLV-I transmission in Japan, although it
may be analogous to the female-to-male transmission ofHIV
type 1 seen in other areas of the world. It is also possible that
even though his mother was from an area of low seropreva-
lence, she was HTLV-I-positive and he was infected by the
breast-milk route.

Three of our patients were seronegative. Approximately
one of four TSP/HAM patients in the Caribbean region is
seronegative, but few Japanese patients having the full clin-
ical syndrome are seronegative (M. Osame, MD, Kago-

PATIENT 4

Wakayama Yamaguchi

PATIENT 5

Okinawa Okinawa
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Figure 2.-The Western blot results are shown for the patients with
tropical spastic paraparesis and their seropositive family members.

O Female V HTLV-1 culture-positive

LI Male 0 HTLV-1 culture-negative

Q TSP Patient

Figure 3.-The charts show the results of the cultures for human
T-lymphotropic virus type I (HTLV-1) in patients 4 and 5 and their
siblings and spouses. TSP = tropical spastic paraparesis
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deficiency will develop and they will succumb to the ac-
quired immunodeficiency syndrome first. Clinicians need to
be aware of TSP/HAM in patients presenting with spastic
paraparesis and that TSP/HAM provides a different model
for the study of retroviral infection of the central nervous
system.

9
4;

Figure 4.-A representative atypical lymphocyte is seen on the
peripheral blood smear of patient 5 (Wright's stain, original magnifica-
tion x 1,000).

shima, Japan, oral communication, February 1989). In a

recent study, only two of eight patients with TSP/HAM from
the United States were found to have antibodies to HTLV-I. 19
It may be that, in seronegative patients, the virus is present
but serologically silent in a proviral form. It will be impor-
tant to study seronegative patients with TSP/HAM for
HTLV-I infection using more sensitive techniques including
the polymerase chain reaction and more extensive attempts at
viral culture. It may also be that a second virus may cause a

clinically similar disease.
These cases ofTSP/HAM are among the first described in

citizens of the United States. Both TSP/HAM and ATLL
represent patterns of HTLV-I disease not commonly seen in
this country. With the increasing prevalence of HTLV-I
noted in intravenous drug users in this country and with the
finding of patients with leukemia who seroconverted fol-
lowing multiple blood transfusions in New York City,52 there
is reason to anticipate that TSP/HAM will develop in some of
the recipients of these blood transfusions in endemic regions
of the US. In addition to transfusion recipients, intravenous
drug users, their sexual partners, and their breast-fed infants
are other groups at risk of having TSP/HAM. As seen in
Hawaii, persons whose parents emigrated to the US from
HTLV-I-endemic areas are also clearly at risk ofTSP/HAM
or ATLL developing. To date there are no reports of cases of
ATLL in Japan or in the US that have resulted from transfu-
sion.53 Given the long latency between HTLV-I infection and
the development ofATLL, transfusion-associated ATLL will
be difficult to identify.

To protect the US blood supply and the noninfected, re-

cipient population as a whole, epidemiologic information
needs to be obtained to determine which areas and which
subgroups in the United States have the highest rates of
HTLV-I infection. Routine screening ofdonor blood in these
areas will limit iatrogenic HTLV-I transmission and reduce
the rate at which HTLV-I is introduced to this country.

Because of the particularly long latency period of
HTLV-I infection, the potential scope of this problem is diffi-
cult to assess in the absence of seroprevalence information at
the national level. An additional factor in estimating the mag-
nitude of possible clinical disease is the question of whether
those persons infected with both HIV and HTLV-I will be
more likely to have TSP/HAM or ATLL or whether immuno-

REFERENCES

1. Mani KS, Mani AJ, Montgomery RD: A spastic paraplegia syndrome in
South India. J Neurol Sci 1969; 9:179-199

2. Montgomery RD, Cruickshank EK, Robertson WB, et al: Clinical and patho-
logical observations on Jamaican neuropathy: A report of 206 cases. Brain 1964;
87:425-462

3. Cosnett JE: Unexplained spastic myelopathy: 41 cases in a non-European
hospital. South Afr Med J 1965; 39:592-595

4. Zaninovic V, Biojo R, Barreto P: Paraparesia espastica del Pacifico. Co-
lombia Med 1981; 12:111-117

5. Selye H: Lathyrism. Rev Can Biol 1957; 16:1-82
6. Osuntokun BO: Cassava diet, chronic cyanide intoxication and neuropathy in

Nigerian Africans. World Rev Nutr Diet 1981; 36:141-173
7. Gessain A, Barin F, Vernant JC, et al: Antibodies to human T-lymphotropic

virus type-I in patients with tropical spastic paraparesis. Lancet 1985; 2:407-410
8. Rodgers-Johnson P, Gajdusek DC, Morgan OSC, et al: HTLV-I and

HTLV-III antibodies and tropical spastic paraparesis (Letter). Lancet 1985;
2:1247-1248

9. Osame M, Usuku K, Izumo S, et al: HTLV-I associated myelopathy, a new
clinical entity (Letter). Lancet 1986;1:1:031-1032

10. Bartholomew C, Cleghorn F, Charles W, et al: HTLV-I and tropical spastic
paraparesis (Letter). Lancet 1986;2:99-100

11. Gessain A, Francis H, Sonan T, et al: HTLV-I and tropical spastic parapa-
resis in Africa (Letter). Lancet 1986; 2:698

12. Zaninovic V, Arango C, Bioj6 R: Asociaci6n entre la infecci6n por el virus
linfocitotr6pico tipo I (HTLV-I) y la paraparesia espastica del Pacifico. Colombia
Med 1986; 17:75

13. Zaninovic V: Spastic paraparesis: A possible sexually transmitted viral
myeloneuropathy (Letter). Lancet 1986; 2:697-698

14. Roman GC, Schoenberg BS, Madden DL, et al: Human T-lymphotropic
virus type-I antibodies in the serum of patients with tropical spastic paraparesis in
the Seychelles. Arch Neurol 1987; 44:605-607

15. Newton M, Cruickshank K, Miller D, et al: Antibody to human T-lympho-
tropic virus type I in West-Indian-born UK residents with spastic paraparesis.
Lancet 1987; 1:415-416

16. Tournier-Lasserv6 E, Gout 0, Gessain A, et al: HTLV-I, brain abnormali-
ties on magnetic resonance imaging, and relation with multiple sclerosis (Letter).
Lancet 1987; 2:49-50

17. Annunziata P, Fanetti G, Giarratana M, et al: HTLV-I-associated spastic
paraparesis in an Italian woman (Letter). Lancet 1987; 2:1393-1394

18. Johnson RT, Griffin DE, Arregui A, et al: Spastic paraparesis and HTLV-1
infection in Peru. Ann Neurol 1988; 23(suppl):S15 1-S155

19. Bhagavati S, Ehrlich G, Kula RW, et al: Detection of human T-cell lym-
phoma/leukemia virus type I DNA and antigen in spinal fluid and blood of patients
with chronic progressive myelopathy. N Engl J Med 1988; 318:1141-1147

20. Akizuki S, Nakazato 0, Higuchi Y, et al: Necropsy findings in HTLV-I-
associated myelopathy (Letter). Lancet 1987; 1:156-157

21. Roman GC, Osame M: Identity of HTLV-I-associated tropical spastic para-
paresis and HTLV-I-associated myelopathy (Letter). Lancet 1988; 1:651

22. Hirose S, Uemura Y, Fujishita M, et al: Isolation of HTLV-I from cerebro-
spinal fluid of a patient with myelopathy (Letter). Lancet 1986; 2:397-398

23. Liberski PP, Rodgers-Johnson P, Char G, et al: HTLV-I-like viral particles
in spinal cord cells in Jamaican tropical spastic paraparesis. Ann Neurol 1988;
23(suppl):S1 85-SI 87

24. Jacobson S, Raine CS, Mingioli ES, et al: Isolation of an HTLV-I-like
retrovirus from patients with tropical spastic paraparesis. Nature 1988;
331:540-543

25. NishimuraM, Akiguchil, TakigawaM, etal: Human Tcell lines established
from the cerebrospinal fluid of patients with human T-lymphocyte virus type I-asso-
ciated myelopathy (HAM). J Neuroimmunol 1988; 17:229-236

26. Gessain A, Caudie C, Gout 0, et al: Intrathecal synthesis of antibodies to
human T lymphotropic virus type I and the presence of IgG oligoclonal bands in the
cerebrospinal fluid of patients with endemic tropical spastic paraparesis. J Infect Dis
1988; 157:1226-1234

27. Yoshida M, Osame M, Usuku K, et al: Viruses detected in HTLV-I-associ-
ated myelopathy and adult T-cell leukaemia are identical on DNA blotting (Letter).
Lancet 1987;1:1085-1086

28. Morgan OSC, Rodgers-Johnson PE, Gibbs WN, et al: Abnormal peripheral
lymphocytes in tropical spastic paraparesis (Letter). Lancet 1987; 2:403-404

29. Nakano S, Ando Y, Ichijo M, et al: Search for possible routes of vertical and
horizontal transmission ofadult T-cell leukemia virus. Gann 1984; 75:1044-1045

30. Kajiyama W, Kashiwagi S, Ikematsu H, et al: Intrafamilial transmission of
adult T cell leukemia virus. J Infect Dis 1986; 154:851-857

31. Hino S, Yamaguchi K, Katamine S, et al: Mother-to-child transmission of
human T-cell leukemia virus type-I. Gann 1985; 76:474-480

266 TSP/HAM IN HAWAII



THE WESTERN JOURNAL OF MEDICINE * MARCH 1990 * 152 * 3 267

32. Kinoshita K, Amagasaki T, Hino S, et al: Milk-borne transmission of
HTLV-I from carrier mothers to their children. Jpn J Cancer Res 1987; 78:674-680

33. Osame M, Izumo S, Igata A, et al: Blood transfusion and HTLV-I associated
myelopathy (Letter). Lancet 1986; 2:104-105

34. Hara T, Takahashi Y, Sonoda S, et al: Human T-cell lymphotropic virus type
I infection in neonates. Am J Dis Child 1987; 141:764-765

35. Kamihira S, Nakasima S, Oyakawa Y, et al: Transmission of human T cell
lymphotropic virus type I by blood transfusion before and after mass screening of
sera from seropositive donors. Vox Sang 1987; 52:43-44

36. Jason JM, McDougal JS, Cabradilla C, et al: Human T-cell leukemia virus
(HTLV-I) p24 antibody in New York City blood product recipients. Am J Hematol
1985; 20:129-137

37. Sato H, Okochi K: Transmission of human T-cell leukemia virus (HTLV-1)
by blood transfusion: Demonstration of proviral DNA in recipients' blood lympho-
cytes. Int J Cancer 1986; 37:395-400

38. Robert-Guroff M, Weiss SH, Giron JA, et al: Prevalence of antibodies to
HTLV-I, -II, and -III in intravenous drug abusers from an AIDS endemic region.
JAMA 1986; 255:3133-3137

39. Komuro A, Hayami M, Fujii H, et al: Vertical transmission of adult T-cell
leukaemia virus (Letter). Lancet 1983; 1:240

40. Blattner WA, Nomura A, Clark JW, et al: Modes of transmission and evi-
dence for viral latency from studies of human T-cell lymphotropic virus type-I in
Japanese migrant populations in Hawaii. Proc Nat Acad Sci USA 1986; 83:4895-
4898

41. Chorba TL, Jason JM, Ramsey RB, et al: HTLV-I antibody status in hemo-
philia patients treated with factor concentrates prepared from US plasma sources
and in hemophilia patients with AIDS. Thromb Haemost 1985; 53:180-182

42. Kazura JW, Saxinger WC, Wenger J, et al: Epidemiology of human T-cell
leukemia virus type I infection in East Sepik Province, Papua New Guinea. J Infect
Dis 1987; 155:1100-1107

43. Miller GJ, Pegram SM, Kirkwood BR, et al: Ethnic composition, age and
sex, together with location and standard of housing as determinants of HTLV- I
infection in an urban Trinidadian community. Int J Cancer 1986; 38:801-808

44. Biggar RJ, Gigase PL, Melbye M, et al: ELISA retrovirus antibody reac-
tivity associated with malaria and immune complexes in healthy Africans. Lancet
1985; 2:520-523

45. Usuku K, Sonoda S, Osame M, et al: HLA haplotype-linked high immune
responsiveness against HTLV-I in HTLV-1-associated myelopathy: Comparison
with adult T-cell leukemia/lymphoma. Ann Neurol 1988; 23(suppl):S143-150

46. Nakamura J, Yanagihara E, Oishi N: Human T-cell leukemia in Hawaii.
Clin Res 1985; 33:350A

47. Yim M, Hayashi T, Yanagihara E, et al: Case report: HTLV-I-associated
T-cell leukemia in Hawaii. AmJ Med Sci 1986; 29:325-327

48. Roman GC, Roman LN, Spencer PS, et al: Tropical spastic paraparesis: A
neuroepidemiological study in Colombia. Ann Neurol 1985; 17:361-365

49. Osame M, Matsumoto M, Usuku K, et al: Chronic progressive myelopathy
associated with elevated antibodies to human T-lymphotropic virus type I and adult
T-cell leukemialike cells. Ann Neurol 1987; 21:117-122

50. Vernant JC, Maurs L, Gessain A, et al: Endemic tropical spastic paraparesis
associated with HTLV-I: A clinical and seroepidemiological study of 25 cases. Ann
Neurol 1987; 21:123-130

51. Saxinger C, Gallo RC: Methods in laboratory investigation-Application of
the indirect enzyme-linked immunosorbent assay microtest to the detection and
surveillance of humap T-cell leukemia-lymphoma virus. Lab Invest 1983;
49:371-377

52. Minamoto GY, Gold JWM, Scheinberg DA, et al: Infection with human
T-cell leukemia virus type I in patients with leukemia. N EngI J Med 1988;
318:219-222

53. Sandler SG: HTLV-I and -Il-New risks for recipients of blood transfu-
sions? (Editorial). JAMA 1986; 256:2245-2246

267THE WESTERN JOURNAL OF MEDICINE - MARCH 1990 o 152 11 3


